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(57) ABSTRACT

Anintegrated circuit for controlling a switching power supply
includes a signal mput terminal in addition to a switching
input terminal that 1s also provided in a conventional inte-
grated circuit and 1s a terminal to switch IC operation modes
using an external control signal. The switching input terminal
signal 1s made valid when the signal input terminal voltage 1s
higher than a threshold voltage, such that mode switching
using an external control signal 1s enabled. When the signal
input terminal voltage 1s lower than the threshold voltage,
mode switching 1s automatically conducted by switching a
MOSFET ON or OFF using output signals of portions of a
comparator connected to a feedback terminal to which an
output voltage of a power supply device 1s applied.
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INTEGRATED CIRCUIT FOR
CONTROLLING A SWITCHING POWER
SUPPLY

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on, and claims priorty to, Japa-
nese Patent Application No. 2005-189689, filed on Jun. 29,

2003, the contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to an integrated circuit (IC)
for controlling a switching power supply.

2. Description of the Background Art

One example of recent efforts to reduce the burden on the
environment 1s reducing the standby power consumption of
clectronic products. Switching power supplies, which convert
a commercial power supply to a direct current in order to
supply power to electronic products, are also no exception.
And because there are many products to which timers and
remote controllers are added, reducing power consumption
during standby 1s becoming particularly urgent.

In a switching power supply having a relatively low output
power, standby power consumption can be reduced by low-
ering the switching frequency and reducing switching loss
during standby. Further, 1n such a relatively low power output
switching power supply, a power supply for a normal load and
a power supply for standby (sub-power supply) can be pro-
vided, and standby power consumption can be reduced by
switching between the power supplies and causing them to
operate 1n response to the state of the load.

One way of reducing standby power consumption with a
single switching power supply, without using a sub-power
supply, 1s a method using a switching power supply control IC
having two modes—a normal operating mode and a standby
operating mode. With a dedicated terminal, 1t 1s possible to
switch between these two modes with a control signal exter-
nal to the IC. In some cases where the external switching
control signal 1s generated with a power supply device, and 1n
other cases a signal from a microcomputer or the like 1s
utilized (e.g., see Japanese Patent No. 2,956,681).

FIG. 5 shows an example of a control IC circuit having a
dedicated terminal to which an external switching control
signal 1s mputted, and which can be used as a control circuit
of the converter system disclosed 1n Japanese Patent Appli-
cation Publication (JP-A) No. 2002-209381, which employs
a switching method that 1s the same as that 1n the conventional
example described in Japanese Patent No. 2,956,681.

In the control IC shown i FIG. 5, continuous switching 1s
implemented in the normal operating mode, and burst switch-
ing using a burst frequency and a burst ON period created
inside the control IC 1s implemented in the standby operating
mode. Further, burst switching 1s an operation that repeatedly
starts and stops high-frequency switching at a burst frequency
that 1s lower than the frequency of the high-frequency switch-
ing operation. This will be described with reterence to FI1G. 5.

The double circles shown in FIG. 5 represent terminals of
the control IC. FB, CB and STB at the left side of FIG. 5§ are
input terminals, and OUT at the right side of FIG. 5 1s an
output terminal that drives the gate of a power MOSFET.
Ordinarily, a photodiode or a phototransistor 1s connected
with respect to GND (ground), and a return signal corre-
sponding to the output voltage of the power supply 1s inputted
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to the FB terminal. This signal and an oscillation waveform
that 1s an internal oscillation circuit (OSC) output are inputted
to a comparator represented by the PWM portion, whereby a
pulse having a width corresponding to the splitting of each
signal 1s generated. This pulse becomes an output pulse for
conducting pulse width modulation (PWM) control where the
pulse width changes due to the return signal corresponding to
the output voltage of the power supply.

A capacitor for determiming the burst oscillation frequency
in the standby operating mode 1s connected to the CB termi-
nal. A burst circuit BURSTOSC switches between a constant
sink/source current 1n accordance with the terminal voltage
and outputs this to the CB terminal. The sink/source current 1s
outputted with respect to the capacitor connected to the CB
terminal, whereby triangle wave oscillation 1s conducted. The
comparator represented by the OnTB portion compares the
FB terminal voltage and the CB terminal voltage in the same
manner that the PWM control pulse 1s generated, and gener-
ates a pulse with a width corresponding to the splitting of both
voltages. The frequency of this pulse becomes the burst fre-
quency, and the pulse width becomes the burst ON period.

The STB terminal 1s an input terminal for switching the
operating modes of the control IC with an external signal, and
inputs one of a High and a Low voltage. When the STB
terminal voltage 1s High, the output signal of the OnTB por-
tion 1s not transmitted from the next stage on by the OR circuit
to which the STB terminal voltage 1s inputted. Thus, a pulse
that 1s the same as the PWM portion output 1s outputted to the
OUT terminal. This condition 1s called the normal operating
mode, and the switching frequency at this time (1.e., the
oscillation frequency of the circuit OSC) 1s I OSC.

When the STB terminal voltage 1s Low, the OR circuit
causes the output signal of the On'TB portion to be transmutted
from the next stage on. Thus, AND outputs of the PWM
portion and the OnTB portion appear at the OUT terminal.

Here, assuming that 1 OSCB represents the oscillation fre-

quency determined by the circuit BURSTOSC and the CB
terminal capacitor, I_OSCB 1s the burst frequency and 1s set to
be about /100 or less with respect to I_OSC. Performing the
AND operation between the high frequency pulse and the low
frequency pulse 1n this manner implements burst switching.

As shown 1n FIG. 6, the circuit OSC comprises compara-
tors CP1 and CP2, a reset/set flip-flop RSFFE, inverters 11 and
12, two constant current circuits Ict, two switches SW, and a
capacitor C. The circuit OSC uses the comparators CP1 and
CP2 to compare the output voltage Vct with a predetermined
set value, charge or discharge the capacitor C in accordance
with the result, and output the triangle wave signal that 1s
1llustrated.

The circuit BURSTOSC 1s configured in exactly the same
manner as the circuit OSC shown 1n FIG. 6. However, because
their circuit constants are mutually different (e.g., the switch-
ing frequency 1I_OSC 1s higher than the burst frequency
I OSCB), the OSC current Ict 1s made larger than the Ict of
the BURSTOSC so that the external capacitor can be quickly
charged/discharged. That which finally determines the fre-
quency 1s the capacitance value of the external capacitor.

In the circuit shown 1n, FIG. §, 1t 1s necessary to provide a
signal generating circuit inside the switching power supply to
input a signal from outside of the control IC 1n order to switch
between the normal operating mode and the standby operat-
ing mode. Even when the signal generating circuit 1s outside
the switching power supply, 1t 1s necessary to provide a circuit
for recerving the signal inside the control IC. Thus, there 1s the
problem that the number of parts of the device itsell 1s
increased.
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SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a control
IC where a normal operating mode and a standby operating
mode can be switched between without increasing the num-
ber of parts. It 1s also an object of the present mnvention to
provide a control IC that 1s also provided with an automatic
switching function while leaving the manual switching func-
tion with an external control signal that conventional 1Cs
have.

In order to solve this problem, a first aspect of the invention
provides an integrated circuit for controlling a switching
power supply, the integrated circuit judging whether or not
the load 1s light with a comparison signal that 1s compared
with a triangle wave or a saw-tooth wave by a PWM com-
parator and switching between a standby operating mode and
a normal operating mode. The comparison signal inputted to
the PWM comparator 1s a signal that 1s fed back from an
output voltage for PWM control, but it 1s also a signal relating
to the size of the load. That 1s, when the load of the power
supply 1s heavy, the on-duty of the PWM control signal
becomes larger 1n order to supply more power, and this 1s
because the comparison signal becomes higher. Conversely,
when the load of the power supply 1s light, 1t suflices for a
little power to be supplied. For this reason, the on-duty of the
PWM control signal becomes smaller, and this 1s because the
comparison signal becomes smaller.

In a second aspect of the mvention, the mtegrated circuit
may include: a first setting terminal that manually sets, with-
out recourse to the comparison signal, switching between the
standby operating mode and the normal operating mode; and
a second setting terminal that sets the switching between the
standby operating mode and the normal operating mode to be
automatically conducted with the comparison signal or to be

manually conducted without recourse to the comparison sig-
nal.

In a third aspect of the invention, the second setting termi-
nal may include a function as a threshold voltage setting
terminal when automatically moving from the normal oper-

ating mode to the standby operating mode and 1s configured
such that the threshold voltage 1s adjustable from the outside.

In a fourth aspect of the invention, the threshold voltage

may be generated by dividing a power supply voltage using,
resistors.

In a fifth aspect of the 1nvention, the integrated circuit may
include a terminal that can set a delay time until moving to an
actual operating mode after detecting an operating mode
switching signal.

In a sixth aspect of the invention, the delay time may be
generated by a charge/discharge circuit comprising a constant
current circuit, a switching element and a capacitor.

In a seventh aspect of the invention, the comparison signal
may be a signal fed back from a secondary side of an insulated
switching power supply to a primary side via a photocoupler.

In an eighth aspect of the invention, the comparison signal
may be an error signal generated by an error amp from a
reference voltage and a signal fed back from an output of a
non-insulated switching power supply.

According to the present invention, because the mode
switching signal does not have to be generated outside of the
control integrated circuit, there 1s the advantage that switch-
ing between the normal operating mode and the standby
operating mode can be realized with a configuration having a
mimmum number of parts, such as a MODE terminal voltage
capacitor and a circuit that generates a voltage that 1s input to

the ATSTB terminal.
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Further, due to the ATSTB terminal, the integrated circuit
pertaining to the ivention can also accommodate conven-
tional switching resulting from a switching control signal
generated outside of the control IC.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s circuit configuration diagram showing a first
embodiment of the invention.

FIG. 2 1s a circuit configuration diagram showing a second
embodiment of the invention.

FIG. 3 1s a circuit configuration diagram showing a third
embodiment of the invention.

FIG. 4 1s a circuit configuration diagram showing a fourth
embodiment of the mnvention.

FIG. 5 1s a circuit configuration diagram showing a con-
ventional example.

FIG. 6 1s a circuit configuration diagram showing a specific

example of the circuits OSC and BURSTOSC of FIG. §.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a configuration diagram showing a first embodi-
ment ol the invention. In contrast to the conventional example
shown 1n FIG. 5, the control IC 1s configured by the addition
ol a signal input terminal ATSTB and a MODE terminal for
selecting between manual switching and automatic switch-
ing, a SEL portion (comparator), an AUTOH (automatic

switching circuit) and an AUTOL portion (automatic switch-
ing circuit), various gate circuits NOT1, NAND1, NAND?2,

OR2, NOR1, NOR2, and N channel MOSFET MNI.

A manual switching/automatic switching determining cir-
cuit 1s configured by the SEL portion comparator and a
threshold voltage (set or threshold value voltage) VIH_SEL,
and the comparator output signal 1s inputted to the NAND1
and OR2. The outputs of the NAND1 and OR2 are inputted to
the NAND?2 and become a signal that drives the gate of the N
channel MOSFET MNI1. In other words, when the ATSTB
terminal voltage 1s higher than that of the VI'H_SEL, a High
or Low signal corresponding to the STB terminal appears 1n
the output of the NAND?2, and when the ATSTB terminal
voltage 1s lower than that of the VIH_SEL, a signal where the
outputs of the AUTOH and AUTOL to which the FB terminal
voltage 1s inputted are synthesized in the NOR1 appears in the
output of the NAND?2. The AUTOH and AUTOL are auto-
matic switching circuits and comprise threshold voltages
VTH_H and VTH_L and the gates NOR1 and NOR2.

A circuit configured by a constant current supply and the
MODE terminal connected to the drain terminals of internal
power supplies VDD, MN1 and MNI1 1s an operation delay
circuit, and a capacitor for setting a delay time 1s connected to

the MODE terminal. The MODE terminal 1s fixed to a GND
by the MN1 when the output of the NAND2 1s High, and 1s in
the normal operating mode. The NAND2 output 1s mnverted
and MN1 1s switched OFF, whereby the delay time 1s gener-
ated where charging 1s not conducted by a constant current
with respect to the capacitor connected to the terminal. When
the MODE terminal voltage rises and becomes High, an
On'TB portion signal setting a burst operation in the OR1
output 1s inputted to ANDI1 and synthesized with the PWM
signal, which becomes the standby operating mode where
burst switching 1s conducted.

Next, a case will be described where the ATSTB terminal
voltage 1s set to VI'H_SEL or less, that 1s, the operation in the
automatic switching mode. When the FB terminal voltage 1s
VTH_H or greater, AUTOH (output signal of the comparator

of the AUTOH portion) becomes High and AUTOL (output
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signal of the comparator of the AUTOL portion) becomes
Low (VIH_L<VTH_H), and the NAND2 output becomes

High. Thus, MN1 1s switched ON and the MODE terminal 1s

fixed to GND, which 1s the normal operating mode. When the
FB terminal voltage drops and becomes VIH_L or greater
and VIH_H or less, the output of the comparator AUTOH 1s
inverted and becomes Low, but the output of NOR2 remains

High. Thus, the imverted result 1s not transmitted to the next
stage on, and MODZE terminal remains at GND and 1n the
normal operating mode.

Moreover, when the FB terminal voltage drops and
becomes VIH_L or less, the NAND2 output 15 1mverted to
Low and MNI1 1s switched OFF as a result of the signal
AUTOL being mmverted to High. Thus, charging of the MOD.
terminal connected capacitor 1s begun, and when the MOD.
terminal voltage becomes High, this becomes the standby
operating mode.

Atthis time, when the FB terminal voltage exceeds VIH_L
until the MODE terminal voltage becomes High, the signal
AUTOL 1s again inverted, charging of the MODE terminal
connected capacitor 1s interrupted, and the MODE terminal
becomes fixed to GND and maintains the normal operating,
mode. This delay operation 1s a function for corresponding to
sudden changes 1n the load of the power supply and 1s con-

figured such that the operating mode of the control 1C 1s not
switched when this state does not continue to be maintained

for the delay time even when the FB terminal voltage
becomes the threshold voltage VIH_L (the threshold to
switch from the normal operating mode to the standby oper-
ating mode) or less.

The circuit of FIG. 1 has the inherent function of automati-
cally conducting switching between the normal operating
mode and the standby operating mode, but 1s configured to be
switched by an external signal 1n order to have more versa-
tility (to be able to accommodate conventional use). However,
because the automatic switching function and the switching
function resulting from an external signal will be at odds 1f
left to this configuration, the circuit 1s configured to select,
with the ATSTB terminal, which of the functions to select.

If configured such that a signal 1s supplied from the outside
to the ATSTB terminal, the load of the external circuit
increases and there 1s no longer any purpose 1n providing an
automatic switching function. Thus, the mput to the ATSTB
terminal 1s pulled up or pulled down at the portion of the
terminal and not connected to another circuit block.

In this case, the STB terminal inputs the signal from the
outside only when 1t has set switching resulting from the
external signal. When automatic switching has been set, this
terminal 1s pulled up or pulled down. This 1s because in the
case of automatic switching, the signal inputted from the STB
terminal 1s blocked by NANDI1 and there 1s no longer any
purpose, so the mput terminal cannot be left open.

FIG. 2 shows a second embodiment of the invention. The
second embodiment 1s characterized in that the threshold
voltage VITH_L (for switching between the normal operating,
mode and the standby operating mode) 1s created by dividing,
the internal power supply VDD of the control IC with resis-
tors and connected to the ATSTB terminal, and the rest 1s the
same as FIG. 1. By appropriately setting the voltage VIH_L,
a Turther reduction in external parts becomes possible.

The following three states can be listed 1n regard to the
input to the ATSTB terminal 1n this case.

(a) Open: reference voltage 1s imparted to SEL and the
AUTOL portion. Automatic switching 1s automatically set by

(L) LLl
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6

setting two resistance values that divide VDD such that the
reference voltage 1s <VTH_SEL.

(b) Input High: Switching resulting from external signal 1s
set.

(c) Connect a resistor to terminal outside and adjust refer-
ence voltage value.

FIG. 3 shows a third embodiment of the invention. The
third embodiment 1s one configured such that the operation
delay time can be set not only 1n the standby operating mode
moving time but also at the normal operating mode moving
time by disposed not just a constant current circuit for charg-
ing the MODE terminal connected capacitor but also a dis-
charge-use constant current circuit and PchMOSFET (MP1).

FIG. 4 shows a fourth embodiment of the invention. As 1s
clear from FI1G. 4, the fourth embodiment 1s one to which the
functions of both FI1G. 2 and FIG. 3 have been given; 1n other
words, the threshold voltage VIH_L (for switching between
the normal operating mode and the standby operating mode)
1s created by dividing the internal power supply VDD of the
control IC with resistors and connected to the ATSTB termi-
nal, and not only the constant current circuit for charging the
MODE terminal connected capacitor but also the discharge-
use constant current circuit 1s disposed.

The above assumes the msulated power supply device dis-
closed 1in Japanese Patent No. 2,956,681 as the power supply
device. Consequently, the signal inputted to the FB terminal 1s
a signal fed back from the transformer secondary side to the
primary side via a photocoupler.

However, the present invention 1s also applicable to a non-
insulated power supply device. In this case, an error amp may
be inserted after the FB terminal, and the output of the error
amp may be connected to the later stage PWM portion, OnTB
portion, AUTOH portion, and AUTOL portion. That 1s, the
signal compared with a triangle wave or saw-tooth wave by
the PWM comparator becomes an error signal generated by
the error amp from the reference voltage and signal fed back
from the output of the non-insulated switching power supply.

It will be appreciated by those skilled 1n the art that numer-
ous variations and modifications are possible, and that the
invention may be practiced otherwise than as specifically
disclosed herein without departing from the scope thereof.

What 1s claimed 1s:

1. An integrated circuit for controlling a switching power
supply, the mtegrated circuit judging whether or not a load 1s
light by comparing a comparison signal with a triangle wave
or a saw-tooth wave by using a PWM comparator and switch-
ing between a standby operating mode and a normal operat-
ing mode 1n response thereto, the integrated circuit compris-
ng:

a {irst setting terminal that manually sets, without recourse
to the comparison signal, the switching between the
standby operating mode and the normal operating mode,
and

a second setting terminal that sets the switching between
the standby operating mode and the normal operating
mode either to be automatically performed based upon
the comparison signal or to be manually performed
without recourse to the comparison signal.

2. The integrated circuit of claim 1, wherein the second
setting terminal includes a function of setting a threshold
voltage for automatically switching between the normal oper-
ating mode and the standby operating mode and 1s configured
such that the threshold voltage 1s adjustable from outside the
integrated circuit.
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3. The integrated circuit of claim 2, wherein the threshold
voltage 1s generated by dividing a power supply voltage using
a resistive voltage divider.

4. The integrated circuit of claim 1, including a terminal
that can set a delay time for switching between the normal
operating mode and the standby operating mode after detect-
ing an operating mode switching signal.

5. The mtegrated circuit of claim 4, wherein the delay time
1s generated by a charge/discharge circuit comprising a con-
stant current circuit, a switching element and a capacitor.

8

6. The integrated circuit of claim 1, wherein the compari-
son signal 1s a signal fed back from a secondary side of an
insulated switching power supply to a primary side thereof

via a photocoupler.
7. The integrated circuit of claim 1, wherein the compari-

son signal 1s an error signal generated by an error amplifier
from a reference voltage and a signal fed back from an output

ol a non-insulated switching power supply.

G o e = x
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